PTOfSB/OS (08-00) 

, w _ Approved for use through 10/31/2002. OMB 0651-0032 

<+) inside this box p. |+j U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



UTILITY 

= c PATENT APPLICATION 
:H W TRANSMITTAL 

[for new nonprovistonal applications under37 CFR 1.53(b)) 



Attorney Docket No. 



Kluft. W. 



me I Method /Devi ce . . . Parameters 



Exg/ 



wess Mail Label No.\ 



APPLICATION ELEMENTS 

See MPEP chapter 600 concerning utility patent application contents. 



fxxl Fee Transn >ittaJ Form (e.g., PTO/S8/17) 

'* ' — — ' (Submit on ongmcl and a dupliaatfor fa prtxxumgt 

o fxxl A PP |ican t claims small entity status. 

2. L£*J 3^ 37 CFR 1.27. 

3 (xxj Specification [Total Pages Q3 1 



Assistant Commissioner for Patents 
ADDRESS TO: Box Patent Appiication 

Washington, DC 20231 _ . 



- Descriptive tide of the invention 

- Crass Reference to Related Applications 

- Statement Regarding Fed sponsored R&D 

- Reference to sequence listing, a table, 
or a computer program listing appendix 

- Background of the Invention 

- Brief Summary of the Invention 

- Brief Description of the Drawings (if filed) 
-Detailed Description 

- Claim(s) 

- Abstract of the Disclosure 

4. Drawing(s) (35 U.S.C. 1 13) [ Total Sheets C33 ] 

5. Oath or Declaration [Total Pages I 71 ] 



7. £2 CD-ROM or CD-R in duplicate, large table or 

Computer Program (Appendix) 

8. Nucleotide and/or Amino Acid Sequence Submission 
(i f appl icable, all necessary} 

a | | Computer Readable Form (CRF) 

b. Specification Sequence Listing on: 

i. □ CD-ROM or CD-R (2 copies); or 

ii. n paper 

c, 1 | Statements verifying identity of above copies 



B 



Newly executed (original or cc 



Copy from a prior application (37CFR 1.63 (d)) 
(for continuation/divisional with Box 17 completed) 



DELETION OF I NVENTORY 

Signed statement attached deleting inventors) 
named in the pnor application, see 37 CFR 
1.63(d)(2) and 1.33(b). 
6. LJ Application Data Sheet See 37 CFR 1.76 



ACCOMPANYING APPLICATION PARTS 



n 

□ 
□ 
□ 

13. □ 

u-El 

16. □ 
16. □ 



Assignment Papers (cover sheet & document(s)) 
37 CFR 3.73(b) Statement I — I Power of 
(when there is an assignee) ' — ' Attorney 
English Translation (Document (if applicable) 
Information Disclosure ( 1 Copies 01 l0s 

Statement (IDS)/PTO-1449 ' — 'Citations 
Preliminary Amendment 

Return Receipt Postcard (MPEP 503) 
(Should be specifically itemized) 



17. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information befow and in a preliminary amendment, 
or in an Application Data Sheet under 37 CFR 1.76: 

Q Continuation Q Divisional Q 



For CONTINUATION OR DIVISIONAL APPS only: The entire disclosure of the prior application, from which an oath or declaration is supplied under 
Box 5b, is considered a part of the disclosure of the accompanying continuation or divisional application and Is hereby incorporated by reference. 
The incorporation can_only - be relied upon when a portion has been Inadvertently omitted from the submitted application parts. 



18. CORRESPONDENCE ADDRESS 



I I Customar Number or Bar Code Label 



-(Insert Custom* No. or Attach brcod* label here) 



Correspondence address below 



Country 



Name (PrintlType) 



Signature 



Vincent I.. Ramik. FsgnirP 



7345 McWho rter Placer Suite 101 



Annandale 



I state Virginia 



\ Zip Code 22003 



I Telephone | 703 642 5705 



Fax 703 5422117 



Vincafrt L. R; 



i estimated to take 0. 



^7 



ffeg/Sfrafion No. (Attorney I Agent) j 20,663 



Dare 11/9/00 



Burden Hour Statement: This form is"estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any cc 
the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington. DC 
20231. OO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Box Patent Application. 
Washington, DC 20231. 



FEE TRANSMITTAL 
for FY 2001 

Patent fees are subject to annual revision. 


mm '° ? wwcwn of information -mi™- it display* a valid omb contm. n„m ( w 
Complete if Known ~\ 


Application Number 




Filing Date 


November 9, 2000 


First Named Inventor 


Kluft, H. 


Examiner Name 




^ TOTAL AMOUNT OF PAYMENT | ($) 3 73 . 00 


Group Art Unit 


, / 



1 l~xl The Commisslon er is hereby authonzed (o charge 
• W ind icated fees an d credit any overpayments to: 
Deposit | — — __ 



Deposit j 

1w I Vincent L. Ramik 



3. ADDITIONAL FEES 

Large EntitySmall Entity 
Fee Fee Fee Fee 
Code ($) Code ($) 



Fee Description 

30 205 65 Surcharge - late filing fee or oath 



S Charge Any Additional Fee Required 
Under 37 CFR 1.16 and 1.17 



139 130 139 130 Non-English specification 
147 2,520 1 47 2,520 For filing a request for ex parte reexamination . 



2. Q Payment Enclosed: 

B Check □ Credit card Q M™» Q ^ 



113 1,840* 113 1,840* Requesting publication of SIR after 



FEE CALCULATION 



1. BASIC FILING FEE 
Large Entity Small Entity 
Fee Fee Fee Fee Fee Description 
Code ($) Code <$) 

101 710 201 355 Utility filing fee 

106 320 206 160 Design filing fee 

107 490 207 245 Plant filing fee 

108 710 208 355 Reissue filing fee 
114 150 214 75 Provisional filing fee 



SUBTOTAL (1) l($) 355.00" 



2. EXTRA CLAIM FEES 

ExtraOalm. Jj^ow" Fee Paid 

• = CZ] x^o=cSo 
-=lZE]x Czz3 = r-D—i 



Fee from 



Total Claims I ZZ I 
Independent I — n~] 

Claims I LA 

Multiple Dependent 



Large Entity Small Entity 

Fee Fee Fee Fee Fee Description 

Code ($) Code ($) 

103 18 203 9 Claims in excess of 20 
102 80 202 40 

104 270 204 135 
109 80 209 40 



Multiple dependent claim, if not paid 



SUBTOTAL (2) 



|($) 18.00 



J"or number previously paid, if greater for Reissues, see above 

z 



115 110 215 55 Extension for reply within first month 

116 390 216 195 Extension for reply within second month 

117 890 217 445 Extension for reply within third month 

118 1,390 218 695 Extension for reply within fourth month 
128 1.890 228 945 Extension for reply within fifth month 

119 310 219 155 Notice of Appeal 

120 310 220 155 Filing a brief in support of an appeal 

121 270 221 135 Request for oral hearing 
138 1,510 1381,510 Petition toil 

140 110 240 55 Petition to revive - unavoidable 

141 1,240 241 620 

142 1,240 242 

143 440 243 220 Design issue fee 

144 600 244 300 

122 130 122 

123 50 123 

126 240 126 240 Submission of Information Disclosure Stmt 
581 40 581 

146 710 246 

149 710 249 

179 710 279 355 Request for Continued Examination (RCE) 

169 900 169 900 Request for expedited examination 

of a design application 
Other fee (specify) 

Reduced by Basic Filing Fee Paid 



Utility issue fee (or reissue) 



Petitions to the Commissioner 



SUBTOTAL (3) K$) 0 



.V incent L- aft* / | 5g* 



/Agent) I 20, 663 



703 642 5705 



11/9/00 



!IIflnH!!! ) < !L lnf0 ^ a !! 0n °V his . f ° rm ms y b «come public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PTO-2038. 



TITLE OF THE INVENTION 



Method and device for measuring process parameters of a material working 
process 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and a device for measuring process 
parameters of a material working process. 

High energy beams, in particular laser beams, are used in different ways for 
material working purposes, for example for cutting, boring and welding differ- 
ent types of material and workpiece geometries. What is common to all proc- 
esses is that prior to the working process the workpiece is melted and/or par- 
tially vaporized. Conversion of the material to be worked into different states 
of aggregation frequently leads to material defects and process changes dur- 
ing material working. In particular processes during which the material passes 
through all three states of aggregation, namely the solid, liquid and vapour- 
ous states of aggregation, are influenced by a plurality of process parameters. 

Below the process parameters influencing the weld geometry during laser 
welding are stated by way of example: 

Weld preparation: 

for example edge preparation, material pairing, type of joint 
Process control : 

for example employment of an additional wire, rate of feed, inert and 
operating gas 
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Properties of the working means: 

for example guiding of the laser beam, optical focusing device, repro- 
ducibility of weld track 

Process parameters of the laser means: 

for example laser performance, stability of laser performance, beam 
quality 

Further, the development in the automobile sector necessitates more and 
more complex working geometries which require guidance of the high energy 
radiation. 

To guarantee reproducible working quality, on-line monitoring of the working 
process is required during which the relevant process parameters are meas- 
ured and used for controlling the material working process. 

From DE 197 41 329 C a method and a device for metal working using 
plasma-induced high energy radiation is known where the area of the vapour 
capillaries is monitored for example by a CCD camera for the purpose of con- 
trolling and monitoring the working process. In this connection it is envisaged 
to monitor the area of the vapour capillaries at at least two measuring points 
to obtain different capillary geometry sizes. Specific areas of the picture taken 
by the CCD camera are evaluated for determining the capillary geometry 
sizes. Since all picture data must be transmitted to the evaluation means first, 
measurement at high monitoring frequency is not possible. Further, the 
known process does not allow the vapour capillary environment to be moni- 
tored such that further independent monitoring and control systems are re- 
quired for optimized process control. 

It is the object of the present invention to provide a method and a device of 
the aforementioned type for simultaneously acquiring a plurality of process 
parameters at a high monitoring frequency using a single monitoring means. 
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SUMMARY OF THE INVENTION 

The present invention advantageously provides an optical sensor having a dy- 
namic range of more than 70 dB. Such a sensor is capable of simultaneously 
sensing the area of the vapour capillaries, the melting zone surrounding the 
vapour capillaries and possibly also a border zone surrounding the melting 
zone, and allows the measuring signals to be evaluated despite the high con- 
trast range of the picture produced. This allows measuring signals from differ- 
ent sections of the picture field to be simultaneously evaluated for the pur- 
pose of determining the process parameters. Since only the measuring signals 
of sections of the picture field are transmitted to the evaluation means a high 
monitoring frequency of more than 1 kHz is attainable as the amount of 
measuring signal data used for evaluation purposes is kept small. 

In the picture field sensed by the optical sensor preferably different freely se- 
lectable picture sections are defined with exclusively the measuring signals of 
these picture sections being simultaneously evaluated for the purpose of de- 
termining different process parameters which are to be monitored. 

Free selection of the picture sections allows a maximum of flexibility with re- 
gard to configuration of a monitoring system. Monitoring of specific areas of 
the melting zone is of importance insofar as the molten mass is fed from the 
hotter region around the vapour capillaries to the more distant end of the 
melting zone. Here said molten mass cools down and solidifies. Obviously the 
hot material is transported at irregular intervals, which affects solidification of 
the molten mass and may lead to discontinuities and defects in the weld. Thus 
monitoring of the solidification front at the end of the melting zone is essential 
with regard to detection of defects occurring in connection with material 
solidification, for example surface roughness, weld convexity, holes, surface 
pores etc. Detection of such defects would not be possible by monitoring the 
vapour capillaries alone. 
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Measuring signals of picture sections showing the area of the melting zone in 
front of and at the side of the vapour capillaries may be used for detecting 
defects occuring during weld preparation. 

Measuring signals of picture sections showing the area of the melting zone 
upstream of the working zone, as seen in the working direction, or the border 
zone upstream of the melting zone may be used for measuring the weld loca- 
tion and for controlling the laser position or workpiece position. A combination 
of capillary monitoring, weld zone monitoring and weld tracking offer the user 
the advantage that ali monitoring and control functions can be performed with 
a single monitoring and control system, which also facilitates operation of the 
control unit. 

The penetration depth of the high energy beam can be detemined from a re- 
duced number of pixies of a picture section showing the center of the vapour 
capillaries. 

The measuring signals of a picture section showing the melting zone down- 
stream of the vapour capillaries, as seen in the working direction, and/or a 
border area downstream of the melting zone, as seen in the working direc- 
tion, may be used for measuring the surface topography of the workpiece 
subjected to the working process. 

For special monitoring tasks it is possible to provide a filter in addition to the 
optical sensor in the beam path such that light with predetermined wave- 
lengths can be filtered. 

A CMOS camera is preferably used as optical sensor. The CMOS technology 
allows pixies of the picture field to be evaluated independently of the overall 
picture whereby the amount of measuring signal data can be advantageously 
reduced to a minimum. It is not necessary to acquire all measuring signal 
data first and then to selectively evaluate them. In this way a high monitoring 
frequency of more than 1 kHz is attainable. 
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For this purpose preferably an optical sensor having a dynamic range of more 
than 100 dB is used. 

The focal position of the high energy beam can be determined by measuring 
the change in light intensity in a linear or rectangular picture section which 
linearly extends through the vapour capillaries and the two neighboring melt- 
ing zones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Hereunder embodiments of the present invention are explained in detail with 
reference to the drawings in which: 

Fig. 1 shows a diagrammatic representation of a device according to 

the invention, 

Fig. 2 shows the picture field produced by a CMOS camera showing se- 

lected picture sections, 

Fig. 3 shows an example of determination of the focal position of a la- 

ser light beam, and 

Fig. 4 shows examples of different working defects. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows the working of a metal workpiece 8 using a laser beam 2 which is 
focused onto the workpiece 8 with the aid of a reflecting mirror 4 and a focus- 
ing mirror 6. A CMOS camera 10 having an optical device 12 is arranged 
above the focusing mirror 6, the camera monitoring the working zone of the 
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workpiece 8 coaxially to the focused laser light beam 2 via the focusing mirror 
6. For this purpose the focusing mirror 6 may be provided with a correspond- 
ing perforation which allows passage of the beam or may be at least partially 
transparent to the monitored light wavelengths. The drawing diagrammati- 
cally shows a measuring beam 3 within a measuring cone 5 of the CMOS 
camera 10, the measuring beam 3 sensing vapour capillaries 14 in the work- 
piece 8 with regard to the emitted light intensity. Said vapour capillaries 14 
are produced by heating and vaporization of the workpiece 8 material and 
form a deepened portion in the workpiece 8, whose capillary geometry size 
values are evaluated with the aid of the CMOS camera 10 and an evaluation 
device 18 for the purpose of process control. Beyond the beam 3 path the 
measuring cone 5 of the CMOS camera 10 senses, prior to the working proc- 
ess and in the area of the weld 17, a picture field which does not only show 
the vapour capillaries 14 but also the melting zone 20 surrounding the vapour 
capillaries 14 and a border zone beyond the melting zone 20. The plasma 
cloud 31 shown in Fig. 1 is transparent for the purpose of the envisaged 
measurements. 

As can be seen from Fig. 1 it is assumed in the diagrammatic representation 
that the workpiece 8 is moved relatively to the high energy beam 2 in the di- 
rection indicated by an arrow. Of course, the workpiece 8 may also be sta- 
tionary and moved into the means for producing high energy beams, for ex- 
ample a laser means. 

Between the CMOS camera 10 and the focusing mirror 6 a filter 15 may be 
arranged if certain light wavelengths are to be excluded from the measure- 
ment. 

The CMOS camera 10 has a dynamic range of approximately 120 dB such that 
both the gaseous phase and the melting phase and possibly also the solid 
phase of the workpiece 8 can be simultaneously monitored and measured 
during the working process. 
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The CMOS technology allows individual pixies to be evaluated independently 
of the overall information of the picture field such that only certain freely se- 
lectable picture sections within the picture field scanned by the camera and of 
the picture produced by the camera 10 are transmitted to the evaluation 
means 18 for evaluation purposes. For on-line determination and evaluation 
of all process variables required for monitoring and control at a monitoring 
frequency of at least 1 kHz a data reduction is performed. This is done on the 
basis of specific features which are characteristic of the corresponding process 
variables. 

For example, the penetration depth of the laser beam 2 entering the work- 
piece 8 can be determined on the basis of a few pixies, the radiation from the 
center of the vapour capillaries 14 being projected to said pixies. 

Fig. 2 shows the picture field monitored by the CMOS camera 10 including the 
area of the vapour capillaries 14, the area of the melting zone 20 and the 
border area surrounding the melting zone 20. The picture distinctly shows the 
vaporous, liquid and solidified areas. The area of the vapour capillaries 14 
may include a plasma cloud 31, as can best be seen in Fig. 1. 

Monitoring of the solidification front at the end of the melting zone 20 may be 
of importance for detection of defects occurring in connection with material 
solidification. For example, such defects may include surface roughness, weld 
convexity, holes or surface pores. 

Such working defects occur during material solidification in the molten pool of 
the working process. They generally occur in the zone of direct interaction 
between the laser beam 2 and the workpiece 8 but normally the occurrence of 
said defects cannot be monitored in this zone. Insofar simultaneous monitor- 
ing of the melting zone 20 or specific picture sections of the melting zone 20 
is of great importance. 



In Fig. 2 various picture sections 23 to 30 are shown which are designed to 
monitor different process parameters of the working process. For example, 
the picture section 27 serves for the detection of defects occurring during 
weld preparation. In this case monitoring may be limited to the picture sec- 
tion 25. To allow rapid on-line monitoring only the pixies of the correspond- 
ingly selected areas are analysed by means of simple algorithms, such as the 
overall intensity of the area or the intensity difference between two pixies. 
With the aid of picture sections 26 and 28 the penetration depth of the laser 
beam can be monitored. Using the picture section 28 a considerable reduction 
of the amount of data can be carried out, for example by a row of pixies 
monitoring the vapour capillary 14 area transversely to the working direction. 
Using picture section 24 a positioning error as is shown below on the right in 
Fig. 4 can be detected. 

By means of picture section 30 the surface topography of the solidified work- 
ing zone downstream of the melting zone 20 can be monitored. 

Picture section 23 can for example be used for weld tracking such that during 
the working process complicated contours can be tracked by scanning a pre- 
determined track and correspondingly controlling the laser beam 2. 

By means of picture section 29 which may be congruent with the picture sec- 
tion 28 but may also extend at an angle to picture section 28 the focal posi- 
tion of the laser beam can be monitored. For this purpose a narrow picture 
section extending transversely through the vapour capillaries 14 is selected. 

Fig. 3 shows four different focal positions, and above the graphical represen- 
tation the measuring signals are shown over the length of picture section 29. 
The first derivation of the measuring signal values is used for evaluating the 
focal position, that is the rate of change in the light intensity along picture 
section 29. The picture on the right side in Fig. 3 shows the optimum focal 
position which is characterized by two pronounced maximum values. In this 
connection reaching of a maximum value is monitored. 
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Fig. 4 shows four applications of the process described. The picture at the up- 
per left in Fig. 4 shows the correct position of the two workpieces 8,9 to be 
welded with a third heat-sensitive part 11 being arranged below the second 
workpiece 9. In this case it is of importance that the penetration depth of the 
laser light beam 2 is exactly monitored. 

The picture at the upper right in Fig. 4 shows a defect which occurred during 
weld preparation, i. e. the workpieces 8 and 9 to be joined with each other 
extend at an angle a to the axis of the laser light beam 2. In this case moni- 
toring of the focal position helps to easily detect whether the focal position 
has changed and thus the workpieces 8,9 have been incorrectly clamped. 

The picture below on the left in Fig.- 4 shows an undesired offset between the 
first workpiece 8 and the second workpiece 9 such that undesired full penetra- 
tion welding may occur in the working zone. Such a working defect can for 
example be detected with picture section 27. 

The picture below on the right in Fig. 4 shows a working defect, namely the 
laser light beam erroneously touching the second workpiece 9. Such a work- 
ing defect can be detected via picture section 24 shown in Fig. 2. 

Although preferred embodiments of the invention have been specifically illus- 
trated and described herein, it is to be understood that minor variations may 
be made in the device and method without departing from the spirit and 
scope of the invention, as defined in the appended claims. 
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CLAIMS 

What is claimed is: 

1. Method for measuring process parameters of a material working proc- 
ess using a high energy beam (2), in particular a laser beam, focused 
onto a working zone of a workpiece (8) by measuring with the aid of an 
optical sensor (10) the light intensity coaxially to the high energy radia- 
tion in the working zone in the area of vapour capillaries (14) produced 
by the high energy beam (2), the optical sensor (10) sensing a picture 
field and transmitting the measuring signals to an evaluation means 
(18), 

wherein an optical sensor (10) having a dynamic range of more than 70 
dB is used, and 

measuring signals of sections of the image field showing the area of the 
vapour capillaries (14) and at least the area of the melting zone (20) 
surrounding the vapour capillaries (14) are simultaneously transmitted 
to the evaluation means (18). 

2. Method according to claim 1 wherein in the picture field sensed by the 
optical sensor (10) different picture sections (24 to 29) are freely se- 
lectable and exclusively the measuring signals of these picture sections 
are used for simultaneous determination of different process parame- 
ters to be monitored. 

3. Method according to claim 2 wherein the measuring signals of picture 
sections (27) showing the area of the melting zone (20) in front of or at 
the side of the vapour capillaries (14) are used for detecting defects oc- 
curring during weld preparation. 



11 



4. Method according to claim 2 wherein the measuring signals of a picture 
section (23) showing the melting zone (20) upstream of the working 
zone, as seen in the working direction, or the border area upstream of 
the melting zone (20) are used for measuring the weld location and for 
controlling the laser position or the workpiece position. 

5. Method according to claim 1 wherein the penetration depth of the high 
energy beam (2) is determined on the basis of a reduced number of 
pixies of a picture section (28) showing the center of the vapour capil- 
laries (14). 

6. Method according to claim 2 wherein the measuring signals of a picture 
section (30) taken in the melting zone (20) downstream of the vapour 
capillaries (14), as seen in the working direction, and/or downstream of 
the melting zone (20), as seen in the working direction, are used for 
measuring the surface topography of the workpiece (8) to be subjected 
to the working process. 

7. Method according to claim 2 wherein the measuring data of the differ- 
ent picture sections (23 to 30) are subjected to data reduction. 

8. Method according to claim 1 wherein light of certain wavelengths in the 
beam path to the optical sensor (10) is filtered. 

9. Method according to claim 1 wherein a CMOS camera is used as optical 
sensor (10). 

10. Method according to claim 1 wherein by measuring the light intensity in 
the vapour capillaries (14) capillary parameters and by measuring the 
light intensity at at least one selected place of the melting zone (20) 
molten pool parameters are simultaneously determined, with control of 
the working process being carried out as a function of the determined 
capillary parameters and the determined molten pool parameters. 
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11. Method according to claim 1 wherein an optical sensor (10) having a 
dynamic range of more than 100 dB is used. 

12. Method according to claim 1 wherein the focal position of the high en- 
ergy beam (2) is determined by measuring the change in light intensity 
in a linear or rectangular picture section (29) extending through the 
vapour capillaries (14) and the neighboring melting zones (20). 

13. Method according to claim 1 wherein the measuring signals of selected 
pixies are used for monitoring or process control purposes. 

14. Device for measuring process parameters of a material working process 
comprising a means for producing a high energy beam (2), e. g. a laser 
beam, a focusing means (6) for focusing the high energy beam (2) onto 
a working zone of a workpiece (8), and an optical sensor (10) for 
measuring the light intensity of the vapour capillaries (14) produced in 
the working zone, the sensor (10) being focused coaxially to the direc- 
tion of the high energy beam (2) onto the working zone of the work- 
piece (8), and an evaluation means (18) for evaluating the measuring 
signals of the scanned picture field supplied by the optical sensor (10), 

wherein the optical sensor (10) has a dynamic range of more than 70 
dB and transmits to the evaluation means (18) measuring signals from 
the area of the vapour capillaries (14) and at least an area of the melt- 
ing zone (20) surrounding the vapour capillaries (14). 

15. Device according to claim 14 wherein the evaluation means (18) re- 
ceives only measuring signals of picture sections of the picture field 
covering, in addition to the area of the vapour capillaries (14), at least 
an area of the melting zone (20) surrounding the vapour capillaries 
(14). 
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16. Device according to claim 14 wherein the optical sensor (10) is a CMOS 
camera. 

17. Device according to claim 14 wherein the evaluation means (18) evalu- 
ates the picture signals of a plurality of different picture sections (24 to 
30) of the picture field scanned by the sensor (10) with regard to pre- 
determined process parameters. 

18. Device according to claim 14 wherein near the vapour capillaries (14) 
the evaluation means (18) senses, for the purpose of measuring the 
penetration depth of the high energy beam (2), a predetermined re- 
duced number of pixies showing the area of the high energy beam (2). 

19. Device according to claim 17 wherein the evaluation means (18) evalu- 
ates the measuring signals of picture sections (24,27) showing the area 
of the melting zone (20) downstream of and at the side of the vapour 
capillaries (14), as seen in the working direction, for the purpose of de- 
tecting defects occurring during weld preparation. 

20. Device according to claim 17 wherein the evaluation means (18) evalu- 
ates the measuring signals of picture sections taken in the melting zone 
(20) downstream of the vapour capillaries (14), as seen in the working 
direction, or downstream of the melting zone (20), as seen in the work- 
ing direction, for the purpose of measuring the surface topography. 

21. Device according to claim 17 wherein the evaluation means (18) evalu- 
ates the measuring signals of a picture section (29) extending linearly 
or rectangularly through the vapour capillaries (14) and the neighboring 
melting zone (20) for determining the focal position of the high energy 
beam (2). 
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Device according to claim 14 wherein a filter (15) is arranged in the 
beam path to the optical sensor (10) by means of which filter (15) spe- 
cific wavelengths of the light received can be blocked. 



ABSTRACT OF THE DISCLOSURE 



For a method for measuring process parameters of a material working process 
using a high energy beam (2), in particular a laser beam, focused onto a 
working zone of a workpiece (8), by measuring coaxially to the high energy 
radiation in the working zone the light intensity in the area of vapour capillar- 
ies (14) produced by the high energy beam (2) by means of an optical sensor 
(10) scanning a picture field and supplying the resultant measuring signals to 
an evaluation means (18), an optical sensor (10) having a dynamic range of 
more than 70 dB is used, and the measuring signals of sections of the picture 
field showing the area of the vapour capillaries (14) and at least the area of 
the melting zone (20) surrounding the vapour capillaries (14) are simultane- 
ously transmitted to the evaluation means (18). 
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s □ The Specification was filed on — —and was assigned 

€ Serial No and was amended on 

□ was filed as PCT international application number 



. and was amended under PCT Article 19 on_ 



(if applicable). 

1 hereby stale that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information material to patentability as defined in Title 37, 
Code of Federal Regulations, §1.56. 

I do not know and do not believe the same was ever known or used in the United States of 
America before my or our invention thereof, or patented or described in any printed publication in 
any country before my or our invention thereof, or more than one year prior to this application, 
lhat the same was noi in public use or on sale in the United States of America more than one year 
prior to this application, that the invention has not been patented or made the subject of an 
inventor's certificate issued before the date of this application in any country foreign to the United 
Stales of America on an application filed by me or my legal representatives or assigns more than 
twelve months (six months for designs) prior to this application, and that no application for patent 
or inventor's certificate on this invention has been filed in any country foreign to the United States 
of America prior 10 this application by me or my legal representatives or assigns, except as follows: 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 19 of any foreign 
applicalion(s) for patent or inventor's certificate listed below: 
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All Foreign Applications, if any. for any Patent or Inventor's Certificate Filed More Than 12 
Months (6 Months for Designs) Prior To The Filing Date of This Application: 



Date of Filing (Month /Day/ Year) 



I hereby claim the benefit under Title 35, United Stales Code, §120 of any United States 
applicaiion(s) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, United Slates Code, §1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, §1 .56 which occurred between the filing date of 
the prior application and the national or PCT international filing date of this application: 



(Application Serial No.) (Filing Dale) (Status — patented, pending, abandoned) 
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(Filing Date) 
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I hereby appoint the following attorneys to prosecute this application and /or an international 
application based on this application and to transact all business in the Patent and Trademark 
Office connected therewith and in connection with the restyling patent based on instructions 
received from the entity who first sent the application papers to the attorneys identified below, 
unless the inventors) or assignee provides said attorneys with a written notice to the contrary: 



Vincent L. Ramik - Registration No. 20,663 
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Send Correspondence to: DHJJER, RAMIK & WIGHT, P.C. 

Merrion Square Suite 101 
7345 McWborter Place 
Annandale, Virginia 22003 
Telephone (703) 642-5705 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to betrue;and further that ihcsc statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
Hne or imprisonment, or both, under Section 1001 of Title 18 of the UniieckStates Code and ihai 
such willful false statements may jeopardize the validity of the appJftaU^prttr any patent issued 
thereon. 
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